Buonorusa u 6uorexHonornu

© A. U. Jleaskun, B. O. JlememeBckuii, 2020

i i i _ - g N
4 Arpapubnit Bectrik Ypama Ne 08 (199), 2020 .
D D Do D Do D
VIIK 636.242.084.41
Kox BAK 06.02.08

DOLI: 10.32417/1997-4868-2020-199-8-34-42

JHepreTu4ecKrii 00MeH y ObIYKOB MOPOAbI A0ePAUH-AHTYC
B MIEPUO/ BHIPAIIUBAHMS IIPH PA3HOM YPOBHE 00OMEHHOI0
MPOTEMHA B PAallMOHAX

A. . Jeupkun'=, B. O. JIemenieBcKmit*

! Bcepoccuitckmit HayYHO-MCCTIeJ0BaTeNbCKUIT MHCTUTYT (pu3nonornu, 6MOXMMMUY ¥ MUTAHNA )KMBOTHBIX —
¢unnan PemepanbHOro HayYHOTO IIeHTPa )KMBOTHOBOACTBA — BVIJK nmenn akagemuxa JI. K. OpHcra,
boposck, Poccus

SE-mail: denkin.alex-009@yandex.ru

Annomayusn. Xapakrep OMOCHHTETHYECKHUX MPOIIECCOB U MPOAYKTUBHBIE KauecTBA JKBAUHbBIX JKUBOTHBIX 3aBHCAT OT ypOB-
HSI ¥ COOTHOIIECHUS CyOCTpaTOB, BCACHIBAIOIIMXCS B ITUILEBAPUTEILHOM TpakTe. MakcumaibHas 3(h(eKTHBHOCTh OMOCHHTE3a
KOMITOHEHTOB MsiCa B OpraHM3Me 00eCleunBaeTCs B Cilydyae, eCIM aMHHOKHCIIOTHI OCTYAlOT B METa0OIMYeCKUi Myl B J10-
CTaTOYHOM KOJIMYECTBE U B ONTHUMAIBLHOM cooTHouleHUH. Lleanb padoThl — M3yduTh MOTPEOHOCTH OBIYKOB MSICHOM MOPOJIBI
abepauH-aHryc B 0OMEHHOM IPOTEHHE ISl ONTHMAJILHOTO MCIIOIb30BAHUSI aMUHOKHCIIOT U OOMEHHON SHEPTUH pallMoHa Ha
MIPUPOCT KUBOH Macchl OBIYKOB B IIEPHO/] BhIpaliBanusi. MaTepuaJibl HecjaenoBanmii. [IpoBeeHo nocenosarensHo 3 cepun
nccIe0BaHNi Ha ObIYKaX MOPObI abepaAuH-aHTyc )XuBoi Maccoit 277 kr, 317 xr u 363 xr. KopMiieHue >kMBOTHBIX 1-Tr0 orbiTa
ocyriecTBisuoch mo HopMaM PACXH, riae cooTHOIIeHne 0OMEHHOTO IPOTenHa K 0OMEHHOM dHepruu cocTaBmio 8,2 T/MJIK,
BO 2-M M 3-M OIBbITax IOBBICHIN YPOBEHb 0OMEHHOTr0 mporerHa 10 8,6 u 9,1 r/MJIx 3a cuet BBeneHus B pauuos 0,5 u 0,6 kr
JKMbIXa COEBOTO COOTBETCTBEHHO. [10 3aBeplIeHNH Ka)k10ro IepHoja MPOBOIMIN (PU3MOJIOINYeCKUe ONbITh. Pe3yabrarsl.
Hccnenyemsblii okasareib He OKa3all CyIECTBEHHOTO BIHMSHUS Ha IOTpeOIeHUE CyXOro BEIEeCTBa KOpMa, a yBEIN4YEHHE B pa-
LIMOHE TPYAHO paclaaeMoro NpoTerHa CrocOOCTBOBAJIO MOBBIIICHUIO KOHLIEHTPALY OOMEHHON SHEPIHU U TIepEeBapUMOCTH
CYXOT0O BEIIECTBA. YCTAHOBJIEHO, YTO OOMEHHAasi SHEPTHsl 1 AMUHOKHUCIIOTHI 3((QEKTUBHO HCIIOIB3YIOTCS B IPUPOCTE KUBOU
Macchl OBIYKOB B IIEPUOJT BEIPALMBAHKS HA PAlMOHE, B KOTOPOM OTHOILIIEHHE OOMEHHOTO MPOTeHHA K OOMEHHOM SHEPTUH CO-
crasister 8,6 r/M/Ix. [lanbHeiinee NOBbIIEHHE OOMEHHOTO IIPOTENHA B PAIlMOHE IPUBOJMT K POCTY TEIUIONPOLYKIUH, YTO, B
CBOIO O4Yepe/Ib, TOBHIIIAET UCIIOIb30BAaHNE AMUHOKUCIIOT M OOMEHHOM SHEPTUH B SHEPreTHUECKOM OOMEHE M CHIDKAET UX BKJIAJL
B IIPUPOCT JKUBOH MACCHI.
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IocranoBka npodaems! (Introduction)

OCHOBHO# TyTh TOBBIIICHHS PEHTAOEIEHOCTH POU3BO/I-
CTBA TOBSIMHBI COCTOUT B YIydleHUH 3((eKTHBHOCTH OHO-
KOHBEPCHH MUTATEIBHBIX BEIIECTB KOPMa B ITPOIYKIHUIO (TIpe-
XKJIe BCETo 3a CUeT ONTHMHU3AIMU YcJIoBHH muTaHus). Kopm-
JICHHUE >KUBOTHBIX, HAPAJLY C YPOBHEM I'€HETUYECKOTO MOTEH-
1Mana, SBISIEeTCS OCHOBHBIM (PaKTOPOM, OIPEJISIISIOIINM ITPO-
JIyKTUBHOCTH JKUBOTHBIX, a MEPBOCTEIEHHOE 3HAYCHUE IS
5 PEKTHBHOTO NCTIOJIL30BAHHS KOPMa HMEET cOalaHCUPOBaH-
HOCTh palyoHa I10 MUTATEIbHBIM U OMOIOTHYECKH aKTHBHBIM
Bemectsam [1, c. 117], [2, c. 61]. IIpu 6anancupoBaHuy paru-
OHOB Ba)KHO YUYMTBIBATh KOHIIEHTPALUIO YHEPTUU B CYXOM Be-
IeCTBE, KOTOpasi BIMUAET HA IEPEBAPUMOCTb KOPMa. YCTaHOB-
JICHO, YTO yBEJIMYEHUE SHEPreTUUeCKOW MUTATeIbHOCTH pa-
1roHa ObrukoB Ha 5,0 % (KoHIEHTpanusi 0OMEHHOH YHEprun
B cyxoM Bemectse 9,6 MJ/Kr) ClIOCOOCTBYET TOBBIIICHHIO
SHEpPIrun OTIOXKEHUS U cuHTe3a npupocta Ha 10,04 %, sHep-
ruun pupocta — Ha 19,50 %, apdexTuBHOCTH NCTIONB30BAHMS
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oOMeHHoI1 sHepruu Ha pocT — Ha 3,81 % [3, c. 325]. COanan-
CHPOBAaHHOCTh PAIMOHA 110 a30TUCTHIM BEIIECTBAM O3HAYAET
ONTUMAIIbHOE O0eCTeYeHNEe METa0OIMYECKUX MPOIIECCOB B
OpraHu3Me aMUHOKHCIIOTAMH 3 CYET HOCTYIUICHUS B KUIIEU-
HUK TPYJHO PaclagaeMoro MmpoTerHa U OCIKOBBIX MPOIYKTOB
MHKpOOHambHOTO cHHTe3a [4, c. 137-138], [5, c. 92]. Crenenn
UCTIONIB30BaHMSI a30THCTHIX BEUIECTB PAIMOHA JKUBOTHBIMU
TaKXKe 3aBUCHT OT KOHLEHTPALUHM SHEPTUM B CyXOM Bellle-
CTBE palyoOHa, YPOBHS MPOTEHHA U €T0 PACIHICIUIIEMOCTH [0,
c. 258], [7, c. 164], [8], [9, c. 18]. BeicokorHEpreTHUECKIE
paIMOHBI CIIOCOOCTBYIOT TOBBIIICHHIO Y(PPEKTUBHOCTH WC-
TIOJTb30BAHUS a30THCTHIX BEIIECTB M 00IaIal0T BBICOKOH HKO-
HOMHUYecKoit apdexruBHOCTEIO [10, ¢. 2301, [11, c. 307-308].

[Ipu omeHKe IPOTEHHOBOW 00ECIICUCHHOCTH KBAaYHBIX He-
00XOIMMO 3HAaTh BO3MOXKHOCTH M KOJMUYECTBEHHBIC Mapame-
TPBI MUKPOOHAJIBHOTO CHHTE3a B IIPEIDKEITYAKAX, a TAKKE CTe-
MIEHb YCBOGHHS M HMCIOJIb30BaHHUS KOPMOBOTO M MHKPOOHOTO
OerKa, comepXKAMXCsl B HUX aMUHOKHUCIIOT TIPH Pa3InuHbIX
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OBIYKOB MOCJI€A0BATCIIbHO MOBLIIIAJIN COACPKAHUEC 00OMEeHHO-

(DU3HOJIOTHYECKUX COCTOSIHUSIX M YPOBHE IMPOJYKTHBHOCTH
KHUBOTHBIX. KpoMme comeprkaHust B KOpMe MEPEeBapUMOro MU
CBIPOTO MPOTENHA, BAXXHBIMH ITOKA3aTeIsIMU B IaHHON CUCTe-
Me CTaHOBSITCS €0 PAaCTBOPUMOCTb, PaCUIEIIIEMOCTh U aMHU-
HOKHCIJIOTHBII COCTaB HEPAaCILEIICHHOTO B pyOlle MpoTenHa
[12, c. 141].

B cTpanax ¢ pa3BUTHIM KMBOTHOBOACTBOM CHCTEMBI NHTA-
HUSI )KBAQYHBIX KMBOTHBIX MPEAYCMaTPHBAIOT HEOOXOIUMOCTh
yudeTa KauecTBa IPOTeHHa U yIiIeBoA0B KopMa. [Toka3aHno, uto
JTAaHHBIH TTOJIX0/1 PKOHOMUYECKH 11e1eC000pa3eH He TOJIBKO MPH
MIPOU3BOJICTBE MOJIOKA, HO U ITPU BBIPAIIIMBAHUY ’KMBOTHBIX Ha
msco [13, c. 54], [14, c. 87], [15, c. 1006]. OnTumansHOE MO-
BBILIICHUE YPOBHSI OOMEHHOTO TPOTEHHA B PAIMOHE IMOJOKH-
TEJIFHO BJIMSIET Ha MPHUPOCT JKMBOM Macchl, HO NMPU H30BITKE
CHOCOOCTBYET POCTY TEILIONPOIYKIMH, YTO, B CBOIO O4EPEb,
CHIDKAeT UCIOIb30BaHUE MPOTEHHA U SHEPIUH KOpMa Ha Mpo-
JIyKTUBHOCTb JKUBOTHBIX [ 16, c. 653—-654].

Llens wnccnenoBaHWH — W3YYHTh MOTPEOHOCTH OBIYKOB
MSICHOH TTOpOJbI a0EpJMH-aHTyC B OOMEHHOM TPOTEHHE JUIs
ONTHUMAJIBHOTO HCIIOJIb30BAHUSI aMUHOKUCIOT ¥ OOMEHHOW
SHEPrUM paloHa Ha MPUPOCT KUBOI Macchl OBIYKOB B MEpPH-
O/J1 BBIPALIMBAHUS.

MeTomosiorusi u MmeTobl uccjaeropanusi (Methods)

Jlna peuieHus MOCTaBICHHBIX 3ahad MO MPUHLUIY MHap-
HBIX aHaJIOTOB C(HOPMHUPOBAIIM I'PYIITYy OBIYKOB C Ha4aJbHOU
XKHUBOM Maccolt 277 k. ONbITHI MPOBEIEHBI METOAOM TPy
neprosioB. Bo Bpemst orbiTa OBIYKH MOTyYand ParHoHbl CO-
IIACHO KUBOW Macce M BEJIMYMHE IUIAHHUPYEMBIX MPHPOCTOB
Ha ypoBHe 1300-1500 r (Tabmuua 1). ITo nmepuonam omsita y

Tabnuna 1
Panuonsbl 119 6bIYKOB

TO NMPOTEHHA B PAIlMOHE 3a CUET BBOJIA KOPMOBBIX JI00ABOK C
TIOHKEHHON pacnalaeMOCThIO MTPOTEHHA (COEBBIH IKMBIX).
B 1-m mepuone wuccienoBaHuil (MpOAOKUTENBHOCTRIO 26
JTHEW) WMCITIOJIb30BaI PAIlMOH, COCTABICHHBINA IO MPHHATHIM
nopmam PACXH (2003 1), riae oTHomeHne 0OMEHHOTo poTe-
MHa K 0OMEHHOH PHEprun coctaBuio 8,2. 3a cuéT BBOJA KOP-
MOBBIX /100aBOK C MOHIKEHHOM pacliagaeMOCThiO MPOTEHHA
(COeBBIif JKMBIX) B palloHax 2-10 (POAOIDKUTEIBHOCTBIO 27
JHel) 1 3-ro (TPOJOIDKUTENILHOCTBIO 21 JIeHB) eprUoa0B To-
BBICHJIM YPOBEHb OOMEHHOT'O NMPOTEHHA K OOMEHHOW YHEPTHU

10 8,6 1 9,1 COOTBETCTBEHHO.

B ocHoBHOI1 nepuo onbiTa )KUBOTHBIC ObUIH HA IpUBA3-
HOM COACPpKaAHNU, TOCHUC OCYHICCTBIAIOCH U3 aBTOIMOUJIOK,
KOpPMJICHHUEC JBYKpPATHOC pPaBHbBIMU TMOPHUAMU. ExeqneBHO
YUYUTBIBAJIOCH HOTpe6J’IeHI/Ie KopMma. ,21‘]'[51 OLCHKH MHTCHCUBHO-
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CTH pOCTa OBIYKOB MEPUOINYECKHU B3BELIMBAIIH.

B mpomecce BBIMOTHEHUS SKCHEPUMEHTOB OIpPEEIISIN
napameTpbl OEJIKOBOTO, YITIEBOJAHOTO, YHEPIeTHUECKOro 0OMe-
HOB, OLIGHUBAJIU MPOLECCHI MUIIEBAPEHHUS.

JJIst OLIEHKH TIPOIIECCOB MUIEBAPEHUS Y OBIYKOB OTIpe/ie-
JSUT TIOTpeOJIeHne KopMa, TIepeBapuMOCTh OCHOBHBIX MHTa-
TEJIHBIX BEIECTB PalMOHa W TOCTYIUICHHE CyOCTpaToB M3
MUIIEBAPUTEILHOTO TPaKTa B MeTaboIMuecKuii myi. B mpodax
KOpMa U KaJla OTNPEJEeNICHO COAEpIKaHUE CyXOro M OpraHuye-
CKOTO BEIECTBA, CHIPOTO MPOTEUHA, KIETYATKH, OOLIUX JIUITH-
JIoB ¥ 3075l [1o aHanu3y BBIJENIEHHOrO Kajla U MOYH OIpese-
JIeH OaJlaHC PHEPTUH M a30Ta, a TAKXKE OTIIOKEHUE SHEPTUH U

a30Ta y )KUBOTHBIX.

Table 1
Rations for bulls calves

Cepus onbITOB Series of experiments
Kopma, kr 1 ) 3 Feed, kg 7 f 217 3
Kombukopm 4 4 5 Compound feed 4 4 5
JKMEBIX COEBBII - 0,5 0,6 Soybean meal — 0.5 0.6
CeHax BHKO-OBCSIHBIH 8 9 10 Haylage hay and oat 8 9 10
CeHo 371aK0BOE 0,5 0,5 0,5 Hay cereal 0.5 0.5 0.5
Men kopMOBOit 0,1 0,1 0,1 Chalk feed 0.1 0.1 0.1
Counp moBapeHHas 0,1 0,1 0,1 Common salt 0.1 0.1 0.1
Ipemukc ITK-60 0,1 0,1 0,1 Premix PK-60 0.1 0.1 0.1
B panuone cogepxutes The ration contains
Cyxoro Bemectsa (CB), xr 6,69 7,41 8,39 Dry matter (DM), kg 6.69 7.41 8.39
Oowmennoii sneprun (09), MJIx| 64,8 74,3 83,7 Metabolizable energy (ME), MJ | 64.8 74.3 83.7
Concentration of metabolizable | 9.7 9.8 9.9
KOD, MJlx/r CB 97 | 98 | 99 | |Somcentanon o
ChIporo mpoTenHa, r 1046 1243 1360 Crude protein, g 1046 | 1243 1360 | ©
PacriajaemMoro npoTeuHa, r 740 864 949 Degradable protein, g 740 864 949 >
Oo6wmenHoro niporenHa (OB), r 530 635 764 Metabolizable protein (MP), g 530 635 764 —
ChIpo#i KJIeTUaTKH, T 1327 1413 1595 Crude fiber, g 1327 1413 1595 E
Ceiporo upa, T 198 231 286 Crude fat, g 198 231 286 =
0)37(0)6) 8,2 8,6 9,1 MP/ME 8.2 8.6 9.1 =2
KoanyecTBO 00pa30BaHHBIX CYOCTPATOB B JKEJIYA0YHO- The number of formed substrates in the gastrointestinal | <
KHIIEYHOM TPaKTe, I tract, g o
Anerar 1556 1883 1942 Acetate 1556 | 1883 1942 | —
[Iponunonat 313 366 459 Propionate 313 366 459 %
ByTtupar 297 276 375 Butyrate 297 276 375 2
I'mroko3a 834 934 953 Glucose 8§34 934 953 E?'
AMUHOKHCIIOTHI 530 635 764 Amino acids 530 6335 764 2
BXK 137 150 179 HFA 137 150 179 i
35 S
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Tabnuna 2
IToTpebneHue u nepeBapuMOCTh CyX0ro Beutecrsa (M + m, n=2)
Cepus oneITOB
IToka3zarein 1 > 3
Cyxoe BeIecTBO KopMa, KT 6,72 +0,01 7,59 £ 0,01%* 8,46 +0,14*
Cyxoe BemecTBO Kaja, KT 2,05+0,11 2,22 +0,03 2,46 £0,11
[lepeBapumoe cyxoe BEIecTBO, KT 4,67 £0,10 5,37 + 0,04* 6,00 = 0,03*
[TepeBapumocTs, % 69,55 + 1,54 70,75 + 0,43 70,94 + 0,82
Konmnentparus O3, M /kr CB 9,65 +£0,27 9,79 + 0,08 9,85+ 0,15

Ipumeunanue: *p < 0,05, ** p < 0,01 npu cpasreruu co 2-i u 3-1i cepusmu onvima.

Table 2

Consumption and digestibility of dry matter (M + m, n = 2)

Series of experiments
Index 7 3 3
Dry matter feed, kg 6.72 +0.01 7.59 £ 0.01** 8.46 £ 0.14%*
Dry matter of feces, kg 2.05+0.11 2.22+0.03 2.46+0.11
Digestible dry matter, kg 4.67 +0.10 5.37 £ 0.04%* 6.00 £ 0.03*
Digestibility, % 69.55 +1.54 70.75 £ 0.43 70.94 £0.82
Concentration of metabolizable energy, MJ/kg DM 9.65+0.27 9.79 +£0.08 9.85+0.15
Note: * p < 0.05, ** p < 0.01 when compared with series 2 and 3 of the experiment.
Tabnuna 3
Jlero4uHsIii ra3006MeH y 6b1YKOB (M + m, n = 2)
Cepumn onbITOB
Iloxa3aresn 1 > 3
Jlutpax, 1/MuH 56+ 1 63 +2 76 + 2%
Moromero O JI/MUH X TOJI. 1,36 £ 0,04 1,54 + 0,05 1,76 + 0,05*

2 J/KT K. M. X CYT. 7,07 £0,11 7,00 = 0,08 6,96 £ 0,05
Baierero CO JI/MUH X TOJL 1,21 £ 0,03 1,38 £ 0,04 1,57 £ 0,05%

2 J/KT K. M. X CYT. 6,31 +0,12 6,31 = 0,09 6,23 + 0,06
JlpixaTenbHbIil KO3 OUITHCHT 0,906 + 0,006 0,895 + 0,001 0,897 + 0,003
Kanopuueckas croumocts 1 1 O, kkan 4,918 = 0,006 4,922 +£0,002 4,917 = 0,001
Ternonpoaykius, KJK X Kr &. M./CyT 146 + 2 144+ 2 143 + 1
Termnonpoxykuus, MJx/cyT 40,3+ 1,1 45713 52,1 +1,4%

Ipumeuanue: * p < 0,05, * p < 0,01 npu cpasHeHuu co 2-it u 3-ii cepusasmu onvima.
Table 3

Pulmonary gas exchange in bulls calves (M + m, n = 2)

Series of experiments
Index 7 3 3
Volume, l/min 56+ 1 63+2 76 £ 2%
Absorbed O I/min X head 1,36 £ 0,04 1,54+ 0,05 1,76 +0,05*
2 l/kg live weight % day 707 £0,11 7.00 £ 0,08 6,96 + 0,05
- I/min % head 1,21 £0,03 1,38 £ 0,04 1,57 £0,05*
Highlighted CO, Vkg live weight X day 6,31 = 0,12 6,31 = 0,09 6,23 + 0,06
Respiratory rate 0,906 + 0,006 0,895 + 0,001 0,897 £ 0,003
Caloric value 11 O,, kcal 4,918 + 0,006 4,922 + 0,002 4,917 £ 0,001
Heat production, kJ x kg live weight /day 146 +2 144+ 2 143+ 1
Heat production, MJ/day 40,3+ 1,1 457+ 1,3 52,1+ 1,4%

Note: * p < 0.05, ** p < 0.01 when compared with series 2 and 3 of the experiment.

Ilepen Ha4yanoM M MO 3aBEPIIEHHH OMIBITHBIX MEPHOIOB
TIPOBOJIMIIN OaTaHCOBBIC OMBITHI. B3BermBanne OBIYKOB IMPO-
BOJWIIN 10 YTPEHHETO IpUEMA KOpPMa.

B wmccrnenoBanmsax ucrnonb3oBany anmapar Kjeltec s
ompeneneHus asora, kanopumerp ABK-1 mna onpenenenus
KaJIOPUIHOCTH P00 KOPMOB, Kajla ¥ MOYH, I'a30aHAIIN3aTOP-
xpomarorpad AXT-TU nss anannsa ra3oB BbIIBIXaEMOTO BO3-
JlyXa, IEeKTPOHHO-BBIYMCIUTENbHYIO TeXHUKY, aHanu3 JOKK
PYOLIOBO¥ KHJIKOCTH OTPEJENsuIn Ha Ta30’KUIAKOCTHOM Xpo-
marorpade «L{BeT-800».
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JlocToBepHOCTh pa3nuyuii MeXIy TPyIIaMU OTPEACISITH
¢ UCToNb30BaHMEM f-TecTa CTBIONEHTA MO0 METOIY MapHBIX
CpaBHEHUI.

Pesyabratsl (Results)

B 1-m mepuone uccnenoBaHU OBIYKH (CpemHSS KUBAs
Macca 277 + 12 kr) noTpeOasnyu MEeHbIIe HOPMaTHBHBIX 3HA-
YeHUIi cyxoro BeriecTBa (6,7 Kr pu HOpMe 7 Kr), OOMEHHOMU
sHepruu (64,8 M/ npu Hopme 75 M) 1 cbIporo mpoTenHa
(1046 r mpu Hopme 1250 1) /15151 OBIYKOB MTPU CPEAHECY TOUHBIX
npupocrax 1,4 xr [4].
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Tabnuna 4
Bamanc sHeprum y 6p14k0B, MJIx/cyT (M + m, n=2)

Cepus onbITOB

IMoka3arennb 1 ) 3
BanoBas sHeprus kopma 1172+ 2,1 130,4 £ 2,0* 147,6 + 1,1%*
Banosas sneprus kana 356+ 1,8 36,9+ 0,6 41,9+ 0,7
DHeprus nepesap. MUT. BEIIECTB 81,6 £0,3 93,5+ 1,4*% 105,7 £ 0,4
[ToTepu PHEPrUM ¢ METAHOM U TEIIOTOH (hepMEHTAIIUH 13,3+0,1 15,2 £ 0,2%* 17,2 £0,1*
DHeprust Moun 3,5+0,2 40+0,7 48+19
OOMEHHasI SHEPTUs 64,8+ 0,4 74,3 £ 0,5% 83,7 £2,2%
TennonpoxyKus 40,3 + 1,1 457+ 1,3 52,1+ 1,4*
OTJI05KEHO YHEPTUU B TPUPOCTE 24,5+ 1,1 28,6 £ 1,8 31,6 £ 0,8*

Ipumeunanue: *p < 0,05, ** p < 0,01 npu cpasreruu co 2-it u 3-1i cepusmu onvima.

Table 4
Energy balance in bulls calves, MJ/day (M + m, n = 2)

Series of experiments

Index 7 2 3
Gross feed energy 117.2+£2.] 130.4 + 2.0* 147.6 £ 1.1*
Gross energy of feces 35.6+1.8 36.9+0.6 41.9+0.7
Energy digestible nutrients 81.6 0.3 93.5 £ 1.4%* 105.7 0.4
Energy losses with methane and heat of fermentation 13.3+0.1 15.2+0.2% 17.2+0.1*
Urine energy 35+0.2 4.0+0.7 48+19
Metabolizable energy 64.8 €04 74.3 +0.5* 83.7+2.2%
Heat production 40.3 £ 1.1 457+ 1.3 521+ 1.4%
Saved energy in growth 245+ 1.1 28.6+ 18 31.6 £0.8*
Note: *p < 0.05, ** p < 0.01 when compared with series 2 and 3 of the experiment.
Tabnuna 5

bamaHc sHepreTM4ecKuX Cy6cTpaToB y OBIYKOB, I/CYT.

Cepusi onIbITOB
Ioka3areJb 1 | 2 | 3
KosnuecTBo 00pa3oBaHHBIX CyOCTPaTOB
AMUHOKHCIIOTBI 530 635 764
ArneTaTt + rioKo3a 2631 3101 3251
BXK + Oytupar 434 426 554
Hcnosb30Banne HA TEMJIONPOAYKIIHIO
AMUHOKHCIIOTBI 288 344 488
ArnieTaTt + ri10Ko03a 1505 1749 1872
BXK + 6ytupar 329 347 399
Hcnoab3oBanne HA MPUPOCT
AMUHOKHCIIOTBI 242 291 276
Anerar + rinoko3a 1126 1352 1379
BXK + 6ytupar 105 79 155
Table 5
Balance of energy substrates in bulls calves, g/day
Series of experiments
Index 1 | 2 | 3
The number of formed substrates
Amino acids 530 635 764
Acetate + glucose 2631 3101 3251
HFA + butyrate 434 426 554
Use for heat products
Amino acids 288 344 488
Acetate + glucose 1505 1749 1872
HFA + butyrate 329 347 399
Use for growth
Amino acids 242 291 276
Acetate + glucose 1126 1352 1379
HFA + butyrate 105 79 155
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Tabnuna 6
3aTparhl IPOAYKTUBHOIT SHepruu y 6b14koB (M + m, n =2)
Cepus onbITOB
Iloka3zarean I 5 3
Coornowmenne Ob/0D 8,2 8,6 9,1
Bospacrt, mec. 7-8 8-9 9-10
JKuBas macca, Kr 277 £ 12 317 £ 13 363 £ 7*
MeTtabonnueckas macca (MM), kr 67,8 +£2,2 75,0+2,2 83,2 £1,2*
Dueprus nogaepxanusa, M/ x 31,2+ 1,0 34,5+ 1,0 38,3 +0,6*
(D nopnepxkanus = MM x 460/1000)
O6menHas sHeprust, M JIx 64,8 0,4 74,3 £ 0,5% 83,7 +£2,2%
[IponykTusHas sueprusi, MJx/cyT 33,6 1,1 39,8 £ 1,5 45,5+ 1,7*
Dueprus npupocta, MJx/cyT 24,5+ 1,1 28,6 +1,8 31,6 £ 0,8*
CpenHecyTOYHBIH IPUPOCT, T 1520 + 20 1664 + 87 1423 + 53
Dueprus 1 xr npupocta, M JIx 16,1 1,0 17,2 +£0,2 222+24
ITpumeuanrue: *p < 0,05, ** p < 0,01 npu cpasHeruu co 2-it u 3-ii cepusAmuU onvima.
Table 6
Costs of productive energy in bulls calves (M + m, n = 2)
Series of experiments
Index 7 P 3
The ratio of MP/ME 8.2 8.6 9.1
Age, month 7-8 89 9-10
Live weight kg 277 £ 12 317 £ 13 363 £ 7*
Metabolic mass (MM), kg 67.8+2.2 75.0+2.2 832+ 1.2%
Energy maintenance, MJ 31.2+1.0 345+1.0 38.3+0.6*
(E maintain = MM x 460/1000)
Metabolizable energy, MJ 64.8+£04 74.3 £0.5* 83.7£2.2%
Productive energy, MJ/day 33.6+1.1 398+ 15 455+ 1.7*
Growth energy, MJ/day 24.5+ 1.1 28.6+18 31.6 £0.8*
The average daily gain, g 1520 £ 20 1664 + 87 1423 £ 53
Energy 1 kg growth, MJ 16.1 1.0 17.2+0.2 222+24

Note: * p < 0.05, ** p < 0.01 when compared with series 2 and 3 of the experiment.

Bo 2-m mepuone ¢ 8 mo 9 mec. (317 £ 13 kr) npu gomon-
HUTENBHOM ckapMinBaHu# 0,5 Kr OEIKOBBIX KOPMOB (3KMBIX
COEBBIIT) BO3pocio moTpedneHne ceHaxka Ha | kr. Comepika-
HHUE CBIPOTO NPOTEHHA B MOTPEOICHHBIX KOpMax MPHOIIKa-
JI0Ch K HOPMaTHBHEIM 3HaueHMsM (1243 t mpu Hopme 1270 T).
YpoBeHb 0OMEHHO# 2HEepTru# cocTaBmi 74,3 Mk mpu HOpMe
84 MJ1x.

B 3-m mepuone ¢ 9 mo 10-i mec. (363 £ 7 XT') yBETHYIIOCH
motpebiieHre KoMOUKOpMa 10 5 KT, ceHaxa 10 10 kr. YpoBeHb
CBIPOTO NIPOTEMHA COOTBETCTBOBAJI HOPMATHBHBIM IIOKa3are-
JI5IM, @ YPOBEHb OOMEHHOM YHEPIHH — HIKE HOpMBI Ha 7 %.

Ha ocHoBe 1aHHBIX MOTpeOIEHHUS W TEPEBAPUMOCTH CY-
XOTO BEIECTBa OTMEUECHO, YTO 3aJaHHbIC ObIYKaM palnOHBI
MOeATNCH (PAKTHIECKH MOTHOCTHIO (Tabnuia 2). [To naHHRIM
0aaHCOBBIX OIBITOB, IIEPEBAPUMOCTD CYyXOTO BEIIECTBA PALH-
oHa B |-M mepuope uccnenoanuii cocraBmna ~ 70 %, a Bo 2-M
n 3-M IepHoax ¢ yBEIUUCHUEM YPOBHS NPOTEHMHA HaOIOa-
JIOCh TIOBBIIIEHHE TIEPEBAPUMOCTH CYXOTO BEIIECTBA PAIHOHA
1o 71 %.

W3yueHne pe3ynbTaToB JIETOYHOTO Ta3000MeHa (Tadmu-
1a 3) y OBIYKOB ITOKa3aJ10, KaK M MPEIoNaraioch, 9T0 BO 2-i
1 3-U cepusix UCCIECAOBAHUN C YBEJIMYEHHEM >KMBOH MacChl
MIPOTIOPIIMOHAIBHO BO3POCIN BEHTHIISINS JIETKUX U TOTPE0-
HOCTh B kmciopoxe. OmHako HaOmomamack W oOpaTHas 3a-
KOHOMEPHOCTbB: C BO3PACTOM M IOBBIIICHHEM >KUBOH MacChl
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JKUBOTHBIX CHIXKAJIOCh KOJMYECTBO TEIUIONPOAYKIMU M TIO-
TpeOJIeHNsT KUCIIOpoa B Tepecyere Ha | Kr )KMBOW Macchl B
CBSI3M C TE€M, UTO 3aMEJISIETCS] yPOBEHb METa00JIN3MA.

[ToBbIIeHue BKIaaa BHICIINX KMPHBIX KHCIIOT U OyTHpara
B OHEPreTH4eCKUii 0OMEH BO 2-M OITbITE, @ AMHHOKHCIIOT B 3-M
ombiTe (Tabauna 5) crroco6CTBOBAIO CHUKEHHIO JIBIXAaTEIIbHO-
ro KO3 PHIIMEeHTA IPU CPABHEHHH € |-M NEepHoIoM.

Amnanu3 faHHBIX 10 OanaHcy sHepruu (tabnuua. 4) cBU-
JIETENIBCTBYET, YTO y OBIYKOB ¢ 1-r0 1m0 3-i mepuoasl uccie-
JIOBAaHHMH OTMedasach JoctoBepHoe (p < 0,05) nmoBbIlIeHHE HA
11,3-25,9 % notpebineHns BaJIOBOM 3HEPrUU KOpMa. YBelye-
HHE B pal[iOHe OBIYKOB YPOBHSI OOMEHHOI'O POTEHHA CII0CO0-
CTBOBAJIO MOBBILIICHUIO ITEPEBAPUMOCTH KOPMOB U CHI)KECHHIO
MOTEPb YHEPTUM C KaJOM, KOTOPbIE COCTaBHJIM B 1-M mepuo-
ne uccnenopanui 30,38 %, Bo 2-m — 28,30, B 3-M — 28,39 %
OT BaJIOBOW 3HepruM Kopma. OJHaKO IOBBINICHUE YPOBHS
00OMEHHOr0 NPOTEeMHA B PAIIMOHE CIOCOOCTBOBAIO HE3HAUYH-
TEJILHOMY POCTY IIOTEPh YHEPTrHUH ¢ MOYOi, KOTOpbIE cocTa-
BuiM B 1-M niepuoae uccienoBanuii 2,99 %, Bo 2-m — 3,07 %,
B 3-M — 3,25 % ot BanoBoii 3Heprun kopMma. Ilpu cpaBHeHUn
¢ 1-m nepuonoM Bo 2-M U 3-M HEpUOAAX HCCIENOBAHUNA JO-
ctoBepHO (p < 0,05) rmoBbImancst ypoBeHb 0OMEHHOM SHEPrUn
Y COCTaBWJI OT BajoBOM 3Hepruu 55,29 %, 56,98 % u 56,71 %
COOTBETCTBEHHO.
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Tabmuuna 7

Bxnaj 06MeHHOI SHePriy ¥ aMMHOKMCTIOT B CPeIHECYTOYHBIIT PUPOCT OBIYKOB, %

Cepus onbITOB
Iloka3aren 1 2 3
OOMEHHasI SHEPTUs 37,82 38,58 37,53
AMUHOKHCIIOTBI 45,66 45,83 36,13
Table 7
Contribution of metabolizable energy and amino acids to the average daily gain of bulls calves, %
Series of experiments
Index 7 > 3
Metabolizable energy 37.82 38.58 37.53
Amino acids 45.66 45.83 36.13

Takum 00pa3om, MOBBIICHHE YPOBHS AOCTYITHOIO MPOTE-
nHa 10 8,6-9,1 r/M]I)x OD oka3bIBaeT MOJOKUTEIBHOE BIIH-
stHUE Ha 3()(EKTUBHOCTH MCIOJIB30BaHMSI SHEPTUH KOPMa TIPH
BBIpalIMBaHUN OBIYKOB MOPOJIbI a0epINH-aHTYC.

AmHanu3 6anaHca IJHEPreTUICCKUX CyocTparoB (Tadmura 5)
CBUJICTEJIBCTBYET, YTO C IOBBIILICHHEM YPOBHS OOMEHHOTO
MIPOTEHHA B PAIl[IOHAX BO3pAacTall MX BKJIaJl B JHEPIeTHUECKHUI
oOMeH u mpupoct. bosee BbICOKMIT BKJIaJ aMHHOKHCIOT B
MIPUPOCT OTMEUEH BO 2-M OIIBITE, YTO MOATBEPIKIAETCS CaMbIM
BBICOKUM 3HAYEHUEM CPEIHECYTOYHOTO MPHUPOCTA HAa YPOBHE
1664 . Mcnonp30BaHKE SHEPreTUYCCKUX CyOCTpaToB Ha Te-
IUIOTIPOJIYKIIMIO B TPEX OMbITaX ObUIO IPONOPLUOHAIBHBIM.
AMMHOKHCIIOTHI, alleTaT U III0K03a MEHbIIE UCIIO0Ib30BAINCH
Ha TPUPOCT y KUBOTHBIX 1-ro ombita, a BXKK n Oyrupar —
OBIYKAaMHM 2-TO OIIBITA.

Hcnonp3oBanne NpoAayKTHBHOW sHepruu (Tabimuna 6) Ha
CHUHTE3 CYTOYHOIO TPHPOCTA JKMBOH Macchl y OBIYKOB pac-
CUUTHIBAJIM T10 JJAHHBIM 0aJIaHCOBBIX OIBITOB, JTUHAMHUKH JKH-
BOW MAaccChl U BEJIMYMHBI CyTOYHBIX ITPUPOCTOB IO TEPHOIaM
omneita. Vcrnonp3oBaHre 0OMEHHOM SHEPrUH Ha MOJIepKaHHe
OIIPEEISUTN C YUYETOM, UTO CPEIHSs BEIMYMHA TOTPEOHOCTH
B SHEPIUU Ha MOJUIEp)KaHUE KakK JJIsi B3POCIOro CKOTa, TaK U
JUISL PACTYIIEro MOoAHsKa coctapiseT 460 kx/kr x. m.07.
[TponyKTHBHYIO SHEpPIUI0 PacCYMTHIBAIIM 10  (opmyrie
19 = 0D — D nogaepxkanus.

Pesynbrarhl Mcciaea0BaHUil MOKa3aJik, 4TO 3aTpaThl MPo-
JIyKTUBHOM HEPruy Ha | KT MPHpOCTa MOBBILIAIKCH IIPH yBe-
JIMYEHUH YKMBOHW MacChl U CHW)KEHHU CPEHECYTOYHOTO IpPH-
pocta. C yBelIMYEHHEM CPEIHECYTOYHOTO MPHUPOCTa COKpa-
IIAJIMCh 3aTPaThl NPOAYKTHBHON SHEPTUH Ha | Kr mpHupocTa.
Tak, y Ob14KkoB ¢ 1-10 110 3-1 MEpUOBI IPH CPEAHECYTOUHBIX
npupocrax 1520, 1664 u 1423 r Ha cuHTe3 | Kr mpupocra
YKHBOW Macchl ObLJIO MCIIOJIb30BaHO OOMEHHOM 3Hepruu 25,0,
23,28 u 26,64 M)k COOTBETCTBEHHO.

[To maHHBIM TAOMUIBI 7 MOYKHO OTMETHUTb, YTO HCIHOJIB30-
BaHHEe 0OMEHHOI SHEPTUHU Ha MPUPOCT OBIJIO HAa OTHOM YPOBHE
B I-M 1 3-M nepuoaax, oJHaKO HUXKeE, YeM BO 2-i mepuo.

BkJias aMMHOKHCIIOT B IPHPOCT )KUBOTHBIX 1-T0 1 2-T0 Tie-
PHOJIOB OBUT TaKXKe Ha OJHOM YPOBHE, @ B 3-M OIIBITE — CaMbl-
MU HU3KHMU U cocTaBui 36,13 %.

Obcyxnenue n BoiBoabI (Discussion and Conclusion)

Jliist obecrieueHnst JOCTaTOYHOTO OCTYIIIICHUSI aMUHOKHC-
JIOT B KMIIEYHUK HEOOXOMM OIpe/Ie]IEHHBIN yPOBEHb TIepeBa-
pHBaHUS [TOCTYIAIONIETO B PyOel NpoTerHa 110/] BO3AEHCTBHU-
€M MHKpOOMaNbHBIX (DEPMEHTOB, @ MUKPOOPTaHW3MbI, Hace-

JSroIKe pyoell, UMEIOT CBOM MOTPEOHOCTH B @aMHHOKHCIIOTaX
JUIs TIOJ/ICPXKaHUsI CBOEr0 MeTaboiM3Ma M Pa3MHOMKCHUSL.
Crporasi KOOpJMHAIMS MTPOLECCOB MUILEBAPSHUSI U MeTabo-
JIU3Ma y JKBAYHBIX YKHUBOTHBIX SIBJISICTCS HEOOXOIUMBIM YCIIO-
BUEM JUISl JTOCTHIKEHHS BBICOKOW A(P(EKTHBHOCTH HCHONB30-
BaHUSI MUTATCIBHBIX BEIICCTB KOPMA.

W3ydenueM OTIeIbHBIX HAIIPaBICHUH BOIPOCA ONTHMAIb-
HOTO 00CCIICYCHUS TOTPEOHOCTEH B OOMCHHOM OEJIKEe OBIYKOB
B [1E€PUOJ BBIPAIIUBAHUS 3aHUMAIIICh HE TOJILKO OTEYECTBEH-
HBIC UCCIICIOBATEIN, HO U psijl 3apyoexHbiX [6; 13]. OmHako
NIPUBEJICHHBIC B JINTEPAType JaHHBIE HOCSAT Pa3pO3HEHHBIN U
MOPOIl NPOTHUBOPEUUBBII XapaKTep U He MO3BOJISIOT OLIEHUTH
0COOCHHOCTH OMOIHEPreTHYECKUX IPOIECCOB B OpraHU3Me
OBIUKOB IPH PAa3HOM YpPOBHE JAOCTYITHOTO ITPOTEHHA B UX pa-
LIUOHE.

HccnenoBanust BIMSHHUSL Pa3IMYHOIO JHEPTONPOTEHHO-
BOTO OTHOILICHHUSI B PAllMOHAX OBIYKOB CKOPOCIIEJION MSICHOW
nopoJisl abepIMH-aHryC B MEPUOJ BBIPALIMBAHUS TT03BOJIIN
OLICHHUTH BKJIAJ] aMUHOKHUCIIOT U OOMEHHOM 3HEPrUu paroHa
Ha IIPUPOCT U MOAJIepIKaHHE.

Tak, B 1-M ombiTe y OBIYKOB C )HBOM Maccor 277 + 12 kr,
I/I€ UCTIOJIb30BAJIN PALIOH, COCTABICHHBIN MO MIPUHSTHIM HOP-
maMm PACXH (coornomenne Ob/O3 — 8,2), cpenHecy TOYHBIN
npupoct coctaBun 1520 £ 20 r. Tlotepu sHeprun ¢ Modoit
ObUTM HE3HAYUTEIBHO HUXKE, YEM BO 2-M M 3-M Iepuozaax c 6o-
Jiee BBICOKMM YPOBHEM IpoTenHa. Bkiag aMHHOKUCIIOT 1 00-
MEHHOH 3Hepruu B mpupoct coctaBui 45,66 % u 37,82 %,
YTO HE3HAYMTEJILHO HIDKE, YeM BO 2-M ITIepHOJC. YUHUTHIBas
MOJIYYCHHBIC JAHHBIC, CICIYCT OTMETUTh, YTO JUIs MOBBIIIC-
HUSI IPOAYKTUBHOCTH MOYKHO YBEIIMYUTh YPOBEHb OOMEHHOTO
MIPOTEHHA ¥ YCTAaHOBUTH ONTHMAJIbHYIO IIOTPEOHOCTH B HEM B
9TOT NEPUOS,.

Bo 2-m onbite (cootHomenne OB/OD — 8,6) y OBIYKOB C
J)KMBOM Maccoit 317 £ 13 Kr cpeaHeCyTOUHBIH MPUPOCT CO-
craBua 1664 + 87 1, uro 6ombiie Ha 9,47 %, yem B 1-M ombI-
te. [Ipu Gosnee BbICOKOM ypOBHE OOMEHHOI'O IIPOTEHHA BKIIAJ
0OMEHHOH SHEpPruv U aMHHOKHCIOT Ha MPUPOCT OB BHIIIE,
4eM B 1-M OIIbITE, YTO CBUAETEILCTBYET O II€IECO00pa3HOM
MOBBILICHUH YPOBHS OOMEHHOTO MPOTEHHA B PAllMOHE B 3TOT
HEePUOI.

B 3-m omeite (cootHOomenue Ob/OD — 9,1) y ObIukOB ¢
JKMBOHM Maccoil 363 + 7 Kr cpeHeCyTOYHBIH MPUPOCT COCTa-
Buia 1423 + 53 1, uto menbiie Ha 6,38 %, yeM B 1-M ombITe.
Bkyiay 0OMeHHO# SHEpruM B IPUPOCT ObUT (haKTHIECKH Ha O1-
HOM ypoBHE. BkilaJi aMMHOKHCIIOT B NMPHUPOCT KUBOH MaccChl
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cocraBui 36,13 % (nporuB 45,66 %), 4ro cBuaeTenbcTBYeT [16] M yka3wlBaroT Ha BapuabesbHOCTh A(P(HEKTHBHOCTH HC-

0 HEOOXOAMMOCTH CHH3HMTh YPOBEHb OOMEHHOTO NMPOTENHA B  IOJIB30BAHUS DHEPIHU MUTATEIBHBIX BEIIECTB Pal[iOHa ObIY-

9TOT TIEPHO/. KaMH TIPH Pa3IMYHOM 00ECIIeYeHHH X OpraHn3Ma OOMEHHBIM
[TonyueHHBIE HKCIIEPUMEHTANILHBIC JAHHBIC COINIACYIOTCS OEJIKOM.

C pe3ysibTaTaMH paHee MPOBEICHHBIX HcchenoBanuil [5], [8],
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Abstract. The nature of biosynthetic processes and the productive qualities of ruminants depend on the level and ratio of sub-
strates absorbed in the digestive tract. The maximum efficiency of the biosynthesis of meat components in the body is ensured
if the amino acids enter the metabolic pool in sufficient quantity and in the optimal ratio. The purpose of the work is to study
the needs of Aberdeen Angus meat bulls calves for metabolizable protein for the optimal use of amino acids and metabolizable
energy of the diet for the increase in live weight of bulls-calves during the growing period. Research materials. Consecutively,
3 series of studies were carried out on bulls calves of the Aberdeen Angus breed with a live weight of 277 kg, 317 kg and
363 kg. The animals of the 1% experiment were fed according to the RAAS (Russian Academy of Agricultural Sciences) stan-
dards, where the ratio of the exchange protein to the exchange energy was 8.2 g/MJ, in the 2™ and 3" experiments they increased
the level of the exchange protein to 8.6 and 9.1 g/MJ due to the introduction of 0.5 kg and 0.6 kg of soybean meal in the diet,
respectively. At the end of each period, physiological experiments were performed. Results. The studied parameter did not have
a significant effect on the dry matter intake of the feed, and an increase in the diet of hard-to-break down protein contributed to
an increase in the concentration of metabolizable energy and digestibility of dry matter. It was found that metabolizable energy
and amino acids are effectively used to increase the live weight of bulls calves during the growing period on a diet in which the
ratio of metabolizable protein to metabolizable energy is 8.6 g/MJ. A further increase in metabolic protein in the diet leads to
an increase in heat production, which in turn increases the use of amino acids and metabolic energy in energy metabolism and
reduces their contribution to the increase in live weight.
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For citation: Denkin A. 1., Lemeshevsky V. O. Energeticheskiy obmen u bychkov porody aberdin-angus v period vyrash-
chivaniya pri raznom urovne obmennogo proteina v ratsionakh [Energy metabolism in aberdeen-angus bulls during the grow-
ing period with different levels of metabolizable protein in the diets] // Agrarian Bulletin of the Urals. 2020. No. 08 (199).
Pp. 34-42. DOI: 10.32417/1997-4868-2020-199-8-34-42. (In Russian.)

Paper submitted: 29.05.2020.

References

1. Bykova O. A. Myasnaya produktivnost’ molodnyaka simmental’skoy porody pri ispol’zovanii v ratsionakh kormovykh
dobavok iz mestnykh istochnikov [Meat productivity of youngsters Simmental breed when using feed additives from local
sources in diets] // Izvestia Orenburg State Agrarian University. 2015. No. 5 (15). Pp. 117-120. (In Russian.)

2. Galochkina V. P., Agafonova A. V., Obvintseva O. V., Galochkin V. A. Produktivnye pokazateli i indeksy sostoyaniya inter-
mediarnogo obmena u bychkov kholmogorskoy porody pri intensivnom vyrashchivanii i otkorme [Productive indicators and
indices of the state of intermediary metabolism in bulls of the Kholmogory breed during intensive growing and fattening] //
Problems of Productive Animal Biology. 2017. No. 2. Pp. 60-73. (In Russian.)

3. Denkin A. 1., Lemeshevsky V. O., Reshetov V. B. Substratnaya obespechennost’ metabolizma bychkov na otkorme
[Substrate provision of metabolism of bull calves for fattening] // Fundamental’nye i prikladnye aspekty kormleniya
sel’skokhozyaystvennykh zhivotnykh i tekhnologii kormov: materialy konferentsii, posvyashchennoy 120-letiyu M. F. Tomme.
Dubrovitsy, 2016. Pp. 323-328. (In Russian.)

4. Puchkov A. A. Perevarimost’ pitatel’nykh veshchestv i vliyanie raznykh istochnikov kormovogo belka na protsessy fer-
mentatsii rubtsovoy zhidkosti u bychkov v period otkorma [Digestibility of nutrients and the effect of different sources of feed
protein on the processes of fermentation of the rumen fluid in gobies during the fattening period] // Povyshenie konkurentospo-
sobnosti zhivotnovodstva i zadachi kadrovogo obespecheniya: materialy mezhdunarodnoy nauchno-prakticheskoy konferent-
sii. Bykovo, 2017. Pp. 137-141. (In Russian.)

41

sardojouypajoiq pue £3ojorg



Buonorusa u 6uorexHonornu

LTt Arpapubnit Bectrik Ypama Ne 08 (199), 2020 .

5. Kharitonov E. L., Berezin A. S. Vliyanie raznogo urovnya dostupnogo proteina v ratsione na perevarimost’ i usvoenie
pitatel’nykh veshchestv u bychkov kholmogorskoy porody pri intensivnom vyrashchivanii [The effect of different levels of
available protein in the diet on the digestibility and assimilation of nutrients in the bulls of the Kholmogory breed with intensive
cultivation] // Problems of Biology of Productive Animals. 2017. No. 1. Pp. 92—-101. (In Russian.)

6. Gurin V. K., Radchikov V. F., Karpovsky V. I. Konversiya korma plemennymi bychkami v produktsiyu pri skarmlivanii
ratsionov s raznym kachestvom proteina [Conversion of feed by breeding bulls into products when feeding rations with differ-
ent quality of protein] // Zootechnical science of Belarus: collection of articles. Zhodino, 2016. T. 51. Part 1. Pp. 257-266. (In
Russian.)

7. Maslyuk A. N., Tokareva A. N. Effektivnost’ optimizatsii proteinovogo i uglevodnogo pitaniya vysokoproduktivnykh korov
[Efficiency of optimization of protein and carbohydrate nutrition of highly productive cows] // Animal Husbandry and Fodder
Production. 2018. T. 101. No. 4. Pp. 164—171. (In Russian.)

8. Radchikov V. F., Kot A. N., Natynchik T. M. Effektivnost’ ispol’zovaniya “zashchishchennogo” proteina v kormlenii molod-
nyaka krupnogo rogatogo skota [The effectiveness of the use of “protected” protein in the feeding of young cattle] / Nauchnoe
obespechenie zhivotnovodstva Sibiri: materialy III mezhdunarodnoy nauchno-prakticheskoy konferentsii. Krasnoyarsk, 2019.
Pp. 217-221. (In Russian.)

9. Denkin A. 1., Lemeshevsky V. O. Osobennosti energeticheskogo obmena u bychkov kholmogorskoy porody pri raznom
urovne i sootnoshenii azotsoderzhashchikh veshchestv v ratsione [Features of energy metabolism in gobies of Kholmogorsk
breed at different levels and ratios of nitrogen-containing substances in the diet] // Agrarian Bulletin of the Urals. 2019. No. 2
(181). Pp. 15-21. (In Russian.)

10. Kot A. N., Natynchik T. M. Vliyanie skarmlivaniya “zashchishchennogo” proteina na obmennye protsessy v organizme
molodnyaka krupnogo rogatogo skota [The effect of feeding “protected” protein on metabolic processes in the body of young
cattle] // Modernizatsiya agrarnogo obrazovaniya: integratsiya nauki i praktiki: sbornik nauchnykh trudov po materialam V
Mezhdunarodnoy nauchno-prakticheskoy konferentsii. Tomsk, 2019. Pp. 228-232. (In Russian.)

11. Lemeshevsky V. O., Kurepin A. A., Denkin A. L., Bubyr’ I. V., Gorbatenko A. A. Biosintez komponentov myasa bychkov
v zavisimosti ot urovnya energeticheskogo pitaniya [Biosynthesis of goat meat components depending on the level of energy
nutrition] // Aktual’nye voprosy veterinarnoy i zootekhnicheskoy nauki i praktiki: materialy mezhdunarodnoy nauchno-prak-
ticheskoy internet-konferentsii. Stavropol, 2015. Part 1. Pp. 307-313. (In Russian.)

12. Kharitonov E. L., Agafonova A. V. Effektivnost’ ispol’zovaniya pitatel'nykh veshchestv kormov u bychkov molochnykh i
myasnykh porod [Efficiency of the use of nutrients of feed in bulls calves of dairy and meat breeds] // Sovremennye problemy
veterinarii, zootekhnii i biotekhnologii: materialy nauchno-prakticheskoy konferentsii. Moscow, 2015. Pp. 141-143. (In Rus-
sian.)

13. Galochkin V. A., Galochkina V. P., Ostrenko K. S. Vliyanie kormov s raznym urovnem obmennogo proteina na inten-
sivnost’ vyrashchivaniya bychkov [Influence of feeds with different levels of metabolizable protein on the intensity of growing
bulls] // Effektivnoe zhivotnovodstvo. 2019. No. 1 (149). Pp. 54-56. (In Russian.)

14. Kharitonov E. L., Berezin A. S. Vliyanie raznogo urovnya trudno raspadacmogo proteina na perevarimost’ i effektivnost’
ispol’zovaniya pitatel’nykh veshchestv u bychkov cherno-pestroy porody v period otkorma [Influence of different levels of
hard-to-break down protein on digestibility and efficiency of nutrient use in black-motley bulls during fattening] // [Problems
of Productive Animal Biology. 2017. No. 3. Pp. 87-97. (In Russian.)

15. La S., Li H., Wang C., Liu Q., Guo G., Huo W. J., Zhang Y. L., Pei C. X., Zhang S. L. Effects of rumen-protected folic
acid and dietary protein level on growth performance, ruminal fermentation, nutrient digestibility and hepatic gene expres-
sion of dairy calves // The Journal of Animal Physiology and Animal Nutrition. 2019. No. 103. Pp. 1006—-1014. DOI: 10.1111/
jpn.13109.

16. Jennings J. S., Meyer B. E., Guiroy P. J., Cole N. A. Energy costs of feeding excess protein from corn-based by-products
to finishing cattle // Journal of Animal Science. 2018. No. 96. Pp. 653—669. DOI: 10.1093/jas/sky021.

Authors’ information

Aleksey I. Denkin!, candidate of biological sciences, senior researcher of the laboratory of physiology of digestion and intersti-
tial metabolism, ORCID 0000-0001-8176-355X, AuthorID 839616; +7 960 524 2699, denkin.alex-009@yandex.ru

Viktor O. Lemeshevsky!, candidate of agricultural sciences, associate professor, researcher of the laboratory of protein amino
acid nutrition laboratory, ORCID 0000-0001-7757-1969, AuthorID 655579; +375 29 938 1770, lemeshonak@yahoo.com

' All-Russian Research Institute of Physiology, Biochemistry and Animal Nutrition — a branch of the Federal Scientific Center
for Animal Husbandry — All-Russian Research Institute of Livestock named after Academician L. K. Ernst, Borovsk, Russia

42



